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Background

The purpose of this project was to examine the effect of surface roughness on a turbulent
wall flow, in the limit of small roughness. It is, in effect, an attempt to throw light on
experimental results dating from 1933, which appear to have been misinterpreted ever
since as the result of an imprecise statement in the original (German) report by Nikuradse
(ak.a. Nikuradze) and its translations'. It was stated that below a certain Reynolds
number u,k/v, based on the (sand-grain) roughness height k and the friction velocity .,
the roughness had “no effect” on the friction factor (i.e. no effect on the additive constant
in the logarithmic law for velocity). All that can be deduced from the plotted results is
that the effect became smaller than the experimental scatter, and there is no reason to
suppose that the roughness effect depends on instability above some “critical” Reynolds
number - particularly as later estilmates of this Reynolds number are very low (u,k/v in
the range of about 2 to 5).

The present author? produced an unrigorous but plausible argument that the roughness
effect should vary as (u-&/v)? in the limit of small roughness. Briefly, the Reynolds number
that matters is likely to be that based on the mean velocity at the height of the roughness
(nominally &7,/ if k lies within the linear part of the viscous sublayer) and on k& itself.
in which case it will vary as k2.

In order to manufacture surfaces with small roughness Reynolds number repeatably, a
closed-loop pipe rig was constructed, to be run at static pressures below atmospheric
(hence the name “Subpipe”) to obtain low unit Reynolds numbers, so that physically-
large roughness elements could be used. The practical application of the work is to the
development of a more precise criterion for allowable roughness on (pressure) wind-tunnel
models. Final hand polishing of a model is time-consuming and expensive, so unnecessarily
fine polishing is to be avoided.

Present Position

The project has been dogged by “bad luck™. Shortly after the test rig (20 ft long) was
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completed, the P.I. had a bicycle accident, resulting in a broken hip, severe muscle damage
- and restricted mobility which has persisted to some extent. This delayed the start of
experimental work for over a year. Then the rig was out of action for some time because
it was inaccessible behind a wind tunnel being used for an unrelated experiment which
lasted much longer than expected. Finally an alternative site was found, but it was found
that the rig and its motor power supply had been damaged. Repairs took a long time, and
the result is that no coherent results have yet been obtained.

The project’s Stanford account, has been closed. T have every intention of finishing this
work: my general health remains good. Further expenditure will be borne by the P.I.'s
personal Discretionary Fund.

Note

[n my letter of 5 Dec. 2006 (attached) I requested a further extension of the grant, in view
of the unavoidable delays to the project. Our contracts office passed on an oral message
that this request was denied but I have never received written notification, so there may

be a gap in somebody’s files.
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